A 69-year-old woman was admitted to our hospital with a fever, dizziness, and headache caused by Neisseria meningitidis. After ceftriaxone was administered, she suddenly developed bilateral oculomotor nerve palsy. Intra-orbital magnetic resonance imaging using appropriate sequences revealed that her bilateral third intracranial nerves were enlarged and enhanced. She achieved complete recovery by two months after additional short-term treatment with intravenous immunoglobulin and methylprednisolone. Although intracranial nerve disorders that result from bacterial meningitis are most frequently reported in children, it is noteworthy that it can also cause focal intracranial nerve inflammation with ophthalmoparesis in N. meningitidis infection in adults.
Introduction
Bacterial meningitis is an infectious disease of the central nervous system with an annual incidence of 4-6 cases per 100,000 adults (1, 2) . Neisseria meningitidis is the secondmost common cause of community-acquired adult bacterial meningitis (3) , and the disease can result in severe sequelae, which include cerebral lesions, hearing loss, learning difficulties and severe cognitive deficits, cerebral palsy, and epilepsy (4) .
We herein report a rare adult case of N. meningitidis infection with acute bilateral oculomotor (third) nerve palsy. Other symptoms, however, were relatively mild for this type of infection, and the ocular symptoms were successfully treated using combined therapies of intravenous immunoglobulin and methylprednisolone in addition to antibiotic medication. In this case, the diagnosis was made based on the intra-orbital magnetic resonance imaging (MRI) findings and negative presence of antiganglioside antibodies.
Case Report
A 69-year-old Japanese woman presented to the emergency department with a fever (38.0 ), dizziness, and headache. She had no history of diabetes or glucose intolerance, hypertension, hypercholesterolemia, systemic vasculitis, smoking, or obesity.
A physical examination revealed that her vital signs were normal with a blood pressure of 132/72 mmHg, heart rate of 72 beats/min, and respiratory rate of 15 breaths/min. No rash or other abnormalities were noted on the skin of the entire body. A neurological examination found no motor laterality or pathological reflexes, except for nuchal rigidity. Her level of consciousness was normal. Laboratory screening revealed an increase in leukocytes (10,400 cells/μL) and a remarkable increase in the C-reactive protein (CRP) level (25.20 mg/dL). Blood coagulation tests showed significantly increased fibrin/fibrinogen degradation products (FDP) (>300 mg/dL, normal <5) and D-dimer levels (>100 μg/mL, normal <1). Based on the blood examination results, diagnostic lumbar puncture was performed, and turbid yellow The day after ceftriaxone was administered (second hospital day), the patient suddenly exhibited bilateral ptosis and eye deviation. A neurological examination revealed bilateral oculomotor nerve palsy that was particularly severe on the right side (Fig. 1A) . The pupils on both sides were 4.0 mm in diameter, exhibiting mydriasis with a sluggish light reflex. All other cranial nerves were intact. MRI (1.5T Signa HDxt, GE Healthcare, Waukeshau, USA) on the third hospital day revealed significant high-signal intensities of oculomotor nerves bilaterally on fat-suppressed T2-weighted images ( Fig. 2A) , fat-suppressed gadolinium-enhanced T1-weighted images in the intra-orbital coronal plane (Fig. 2B) , and in the axial plane (Fig. 2C) . Magnetic resonance angiography did not reveal any abnormalities in the orbits or the brain. Bilateral oculomotor nerve palsies were persistent under monotherapy with ceftriaxone, although the fever and headache resolved. Therefore, on day 10, both intravenous immunoglobulin (0.4 g/kg bodyweight for 5 days) and methylprednisolone (1,000 mg/daily for 3 days and continuously 500 mg/daily for 2 days) were added to the therapy. The levels of antiganglioside immunoglobulin M (IgM) and immunoglobulin G (IgG) antibodies in the patient's serum on day 10 were measured by a semi-quantitative enzymelinked immunosorbent assay. No IgG and IgM antibodies against GM1, GM2, GM1b, GD1a, GD1b, GT1a, GQ1b, or GalNAc-GD1a were detected. No indicators of autoimmune disease, including serum anti-acetylcholine receptor and IgG4 antibodies, myelin basic protein, and oligoclonal IgG bands in the CSF, were observed. Intracranial MRI showed no abnormalities apart from bilaterally enlarged oculomotor nerves. Thus, a diagnosis of N. meningitidis infection and The patient's ocular symptoms improved gradually after the administration of intravenous immunoglobulin and methylprednisolone, and antibiotic medication with ceftriaxone was continued for three weeks. On the 27th hospital day, a follow-up examination of the CSF showed that it was clear, and further testing revealed a cell count of 45 cells/mm 3 (polymorphonuclear leukocytes: 44 cells/mm 3 ; mononuclear leukocytes: 1 cell/mm 3 ), a protein level of 77.2 mg/dL, and a glucose level of 52 mg/dL, with a plasma glucose level of 106 mg/dL. At discharge on Day 35, blood examination results were within the normal range: white blood cells 4,500 cells/μL and CRP 0.66 mg/dL. Complete recovery from ophthalmoparesis on both sides was observed after two months (Fig. 1B) without any other additional immunosuppressive medication. Follow-up MRI showed no abnormalities of the oculomotor nerves on fat-suppressed T2-weighted or gadolinium-enhanced T1-weighted images (Fig. 3) .
Discussion
This report describes a case involving an adult patient with N. meningitidis infection and acute bilateral oculomotor nerve palsy that was identified based on MRI findings. Oculomotor nerve palsy can be caused by several disorders, including cerebral aneurysms, vascular disorders, tumors, and diabetes mellitus. However, in this case, no clinical, laboratory, or imaging examinations showed any indication of an underlying structural cause of the oculomotor nerve injury, suggesting that N. meningitidis infection might have caused the transient oculomotor nerve palsy in this case.
Intracranial nerve disorders caused by N. meningitidis infection, including oculomotor nerve and abducens (sixth) nerve palsies, are extremely rare, and to our knowledge, only one case has been reported (5) . The oculomotor nerve palsy in the reported case was suspected to be caused by local ischemia accompanied by nerve dysfunction. However, intra-orbital MRI was not performed (5).
In the present case, intra-orbital MRI (coronal plane) at the acute stage revealed significantly enlarged and enhanced signals in the oculomotor nerves on fat-suppressed T2-weighted and gadolinium-enhanced images. Some of the major causes of third nerve palsy include aneurysms of the posterior communicating artery, microvascular ischemia, neoplasm, inflammation, and trauma (6) . Microvascular ischemia, which is often associated with diabetes mellitus and hypertension, is believed to be the most common cause of third nerve palsies, and compression by aneurysms or tumors can also lead to pupil-sparing oculomotor nerve palsy (7) . Lumbar puncture with overdrainage of the CSF that leads to intracranial hypotension with descent of the brain, has also been reported to cause traction of the cranial nerves (8) . However, the current case was not a result of these factors. Our previous case report described influenza A infection causing acute isolated unilateral oculomotor nerve palsy presenting as focal intracranial nerve inflammation with ophthalmoparesis and spontaneous recovery (9). These disorders were previously able to be diagnosed through intra-orbital MRI with appropriate sequences and immunological assays to detect the presence of antiganglioside antibodies (10). However, no abnormalities of antiganglioside antibodies were observed in the present case.
The present case is also the first report of an adult patient with bilateral oculomotor nerve palsy presenting as ophthalmoparesis, which was identified based on intra-orbital MRI. Although neural disorders arising after N. meningitidis infection, including intracranial vascular involvements with ischemic infarction, sinus thrombosis, and hemorrhagic complications, are most frequently reported (11) , it is important to note that N. meningitidis infections can also cause focal neurological signs, such as ophthalmoparesis, as observed in this case. Intra-orbital MRI with adequate sequences, such as fat suppression sequences, are more suitable for detecting the presence of these disorders than conventional MRI (12, 13). Furthermore, examinations for the presence of antiganglioside antibodies can be performed to support pathology, as in the present case.
Once N. meningitidis reaches the CSF, it replicates rapidly due to the absence of host immune defense mechanisms in this microenvironment. The cell wall of N. meningitidis contains lipooligosaccharides (LOSs), which have a strong endotoxin activity. The LOS levels in both the plasma and CSF are significantly correlated with the disease prognosis (14) . In the present case, we speculate that cytokine storm caused by the LOS might have occurred at the patient's initial visit, thus resulting in the discrepant results of low cell counts and high protein levels in the CSF at her first examination.
Why focal neurological deficits may arise following N. meningitidis infections remains unclear; pathological mechanisms, such as focal vasculitis via direct bacterial invasion or inflammation accompanying the effects of antibiotics, are commonly suggested (15, 16) . However, tumors, including orbital schwannoma, demyelinating diseases, as well as damage to the myelin sheaths and surrounding axons due to complications cannot be completely excluded (17, 18) . Additional testing of the CSF, which we were unable to perform, may be needed to confirm the presence of N. meningitidis, such as bacterial antigen detection tests for N. meningitidis. It is still controversial why a full recovery from bilateral oculomotor nerve palsy was achieved with immunosuppressive therapy consisting of immunoglobulins and corticosteroids, which is considered to be an appropriate treatment for inflammatory neuropathy and related diseases (19) . It is possible that the same symptoms or signs may be observed with other types of bacterial meningitis. Thus, further investigations are required to determine the appropriate treatment strategy for cases such as the one described in the present report.
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